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1 INTRODUCTION 
1.1 Background 
The Midwest Guardrail System (MGS) utilizes a 6-ft (1.8-m) long, W6x8.5 (W152x12.6) 
steel guardrail post with an embedment depth of 40 in. (1,016 mm) and a nominal top rail 
mounting height of 31 in. (787 mm). The MGS has performed successfully according to the 
American Association of State Highway and Transportation Officials (AASHTO) Manual for 
Assessing Safety Hardware (MASH) [1] Test Level 3 (TL-3) safety performance criteria [2-4]. 
In order to optimize the post-soil interaction and maximize the lateral load supported by 
the post, it is often desirable for a steel post to rotate in the soil rather than bend and form a 
plastic hinge. Once the post bends under plastic deformation, the entire post is no longer rotating 
in the soil. Eventually, the post-soil resistance drops significantly as the steel post deforms due to 
lateral torsional buckling. An excessive post embedment would increase the soil resistance and 
reduce the capability of the entire post to rotate in the soil. On the contrary, a shallow post 
embedment would result in limited soil resistance during rotation and increase the propensity for 
the post to be removed from the ground. Therefore, it was desired to gain an understanding of the 
post-soil interaction characteristics associated with MGS posts with reduced embedment depths.  
1.2 Objective 
The objective of this research study was to aquire post-soil interaction data for standard 
W6x8.5 (W152x12.6) steel posts that may eventually allow for an increased mounting height for 
the MGS. As such, bogie tests were performed to determine the force vs. deflection 
characteristics for posts with reduced embedment depths and increased load heights. The results 
from this study will be used in future studies which evaluate the maximum safe guardrail 
mounting height for the MGS. 
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2 TEST CONDITIONS 
2.1 Test Facility 
The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln 
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of 
Nebraska-Lincoln. 
2.2 Equipment and Instrumentation 
Equipment and instrumentation utilized to collect and record data during the dynamic 
bogie tests included a bogie, onboard accelerometers, pressure tape switches, high-speed and 
standard-speed digital video cameras, and a still camera. 
2.2.1 Bogie 
A rigid frame bogie was used to impact the posts. A variable height, detachable impact 
head was used in the testing. The bogie head was constructed of 8-in. (203-mm) diameter, ½-in. 
(13-mm) thick standard steel pipe, with ¾-in. (19-mm) neoprene belting wrapped around the 
pipe to prevent local damage to the post from the impact. The impact head was bolted to the 
bogie vehicle, creating a rigid frame with an impact height of 24⅞ in. (632 mm) or 28⅞ in. (733 
mm). The bogie with the impact head is shown in Figure 1. The weight of the bogie with the 
addition of the mountable impact head and accelerometers was 1,745 lb (792 kg) for test nos. 
MH-1 through MH-3 and 1,875 (850 kg) for test nos. MH-4 through MH-8.  
The tests were conducted using a steel corrugated beam guardrail to guide the tire of the 
bogie vehicle, as shown in Figure 1. A pickup truck was used to push the bogie vehicle to the 
required impact velocity. After reaching the target velocity, the push vehicle braked allowing the 
bogie to be free rolling as it came off the track. A remote braking system was installed on the 
bogie allowing it to be brought safely to rest after the test. 
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Figure 1. Rigid Frame Bogie and Corrugated Beam 
2.2.2 Accelerometers 
Two accelerometers were mounted on the bogie vehicle near its center of gravity (c.g.) to 
measure the acceleration in the longitudinal, lateral, and vertical directions. However, only the 
longitudinal accelerations were processed and reported. 
The first system, SLICE 6DX, was a modular data acquisition system manufactured by 
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the 
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard 
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a 
range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. 
The “SLICEWare” computer software programs and a customized Microsoft Excel worksheet 
were used to analyze and plot the accelerometer data. 
The second accelerometer, Model EDR-3, was a triaxial piezoresistive accelerometer 
system developed by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of 
RAM, a range of ±200 g’s, a sample rate of 3,200 Hz, and a 1,120-Hz low-pass filter. The 
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“DynaMax 1 (DM-1)” computer software program and a customized Microsoft Excel worksheet 
were used to analyze and plot the accelerometer data. 
2.2.3 Pressure Tape Switches 
Three pressure tape switches, spaced at approximately 3.3-ft (1-m) intervals and placed 
near the end of the bogie track, were used to determine the speed of the bogie before impact. As 
the left-front tire of the bogie passed over each tape switch, a strobe light was fired sending an 
electronic timing signal to the data acquisition system. The system recorded the signals and the 
time each occurred. The speed was then calculated using the spacing between the sensors and the 
time between the signals. Strobe lights and high-speed digital video analysis are used only as a 
backup in the event that vehicle speeds cannot be determined from the electronic data. 
2.2.4 Digital Photography 
One AOS VITcam high-speed digital video camera and two JVC digital video cameras 
were used to document each test. The AOS high-speed camera had a frame rate of 500 frames 
per second and the JVC digital video cameras had frame rates of 29.97 frames per second. The 
high-speed digital video camera and one digital video camera were placed laterally from the 
post, with a view perpendicular to the bogie’s direction of travel. The second digital video 
camera was placed on the opposite side of the post with respect to the other two cameras. A 
Nikon D50 digital still camera was also used to document pre- and post-test conditions for all 
tests. 
2.3 End of Test Determination 
When the impact head initially contacted the test article, the force exerted by the 
surrogate test vehicle was directly perpendicular. However, as the post rotated, the surrogate test 
vehicle’s orientation and path moved further from perpendicular. This introduced two sources of 
error: (1) the contact force between the impact head and the post has a vertical component and 
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(2) the impact head slides upward along the test article. Therefore, only the initial portion of the 
accelerometer trace may be used since variations in the data become significant as the system 
rotates and the surrogate test vehicle overrides the system. For this reason, the end of the test 
needed to be defined. 
Guidelines were established to define the end-of-test time using the high-speed digital 
video of the crash test. The first occurrence of any one of the following three events was used to 
determine the end of the test: (1) the test article fractures; (2) the surrogate vehicle 
overrides/loses contact with the test article; or (3) a maximum post rotation of 45 degrees. 
2.4 Data Processing 
The electronic accelerometer data obtained in dynamic testing was filtered using the SAE 
Class 60 Butterworth filter conforming to the SAE J211/1 specifications [5]. The pertinent 
acceleration signal was extracted from the bulk of the data signals. The processed acceleration 
data was then multiplied by the mass of the bogie to get the impact force using Newton’s Second 
Law. Next, the acceleration trace was integrated to find the change in velocity versus time. Initial 
velocity of the bogie, calculated from the pressure tape switch data, was then used to determine 
the bogie velocity, and the calculated velocity trace was integrated to find the bogie’s 
displacement, which is also the deflection of the post. Combining the previous results, a force vs. 
deflection curve was plotted for each test. Finally, integration of the force vs. deflection curve 
provided the energy vs. deflection curve for each test. 
2.5 Results 
The information desired from the bogie tests was the relation between the applied force 
and deflection of the post at the impact location. This data was then used to find the total energy 
(the area under the force versus deflection curve) dissipated during each test.  The energy curve 
was used to compute the average force at a specific deflection using the following formula: 
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Although the acceleration data was applied to the impact location, the data came from the 
c.g. of the bogie. Error was added to the data since the bogie was not perfectly rigid and 
sustained vibrations. The bogie may have also rotated during impact, causing differences in 
accelerations between the bogie center of mass and the bogie impact head. While these issues 
may affect the data, the data was still valid. Filtering procedures were applied to the data to 
smooth out vibrations, and the rotations of the bogie during test were minor. Significant pitch 
angles did develop late in test no. MH-1 and MH-4 as the bogie overrode the posts; however, this 
occurred after the post-bogie interaction of interest. In test nos. MH-2, MH-3, and MH-5 through 
MH-8 the bogie ran over the post and pitching was insignificant. One useful aspect of using 
accelerometer data was that it included influences of the post inertia on the reaction force. This 
was important as the mass of the post would affect barrier performance as well as test results. 
The accelerometer data for each test was processed in order to obtain acceleration, 
velocity, and deflection curves, as well as force vs. deflection and energy vs. deflection curves. 
The values described herein were calculated from the DTS SLICE data curves. 
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3 DYNAMIC TESTING  
3.1 Scope 
Eight dynamic component tests were conducted on the W6x8.5 (W152x12.6) steel post at 
two different embedment depths. The target impact speed was 20 mph (32.2 km/h) for all eight 
tests. The target impact angle for all tests was 0 degrees, creating a classical “head-on” or full 
frontal impact. Six of the tests were impacted 24⅞ in. (632 mm) above the ground line while the 
final two tests were impacted 28⅞ in. (733 mm) above the ground line. The dynamic component 
test matrix is shown in Table 1. The test setup and W6x8.5 (W152x12.6) steel post are shown in 
Figures 2 and 3, respectively. Material specifications, mill certifications, and certificates of 
conformity for the post materials used in all eight tests are shown in Appendix A. 
 
Table 1. Dynamic Post Testing Matrix 
Test 
No. Post Type 
Post 
Length 
in. (mm) 
Embedment 
Depth       
in. (mm) 
Impact Axis 
Target 
Impact 
Velocity 
mph(km/h) 
Impact 
Height    
in. (mm) 
MH-1 W6x8.5 (W152x12.6) 
72 
(1,829) 40 (1,016) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-2 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-3 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-4 W6x8.5 (W152x12.6) 
72 
(1,829) 40 (1,016) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-5 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-6 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
24⅞ 
(632) 
MH-7 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
28⅞ 
(733) 
MH-8 W6x8.5 (W152x12.6) 
72 
(1,829) 36 (914) Strong Axis 20 (32) 
28⅞ 
(733) 
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Figure 2. Bogie Testing Setup 
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Figure 3. W6x8.5 (W152x12.6) Steel Post Details 
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A compacted, course, crushed limestone material, as recommended by MASH, was 
utilized for all tests [1]. Soil specifications are shown in Appendix B. MASH adheres to the 
general philosophy that testing longitudinal barriers in stiff soil results in higher impact and 
barrier loads, increased occupant risk values, and increased propensity for rail rupture, pocketing, 
and snag. Therefore, MASH has established a minimum post-soil resistance force standard to 
ensure systems are installed in strong, stiff soil. Thus, using heavily compacted soils was 
justified by MASH. Therefore, all tests utilized heavily compacted soil. 
3.2 Dynamic Testing Results 
Results of each test are discussed in the following sections. Individual results for all 
accelerometers used during each test are provided in Appendix C. 
3.2.1 Test No. MH-1 
During test no. MH-1, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 40-
in. (1,017-mm) embedment depth at a speed of 20.8 mph (33.5 km/h). As a result the post rotated 
through the soil. The bogie vehicle overrode the post at a maximum displacement of 36.3 in. 
(922 mm). The post bent backward and yielded approximately 10 in. (254 mm) below the ground 
line. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 4. The forces quickly rose to a peak force of 14.0 kips 
(62.3 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 8.8 kips (39.1 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 179.4 kip-in. (20.3 kJ) through 20 in. (508 mm) of deflection, and 230.6 kip-in. (26.1 
kJ) through 36.3 in. (922 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 5. 
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Figure 4. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-1 
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Figure 5. Time-Sequential and Post-Impact Photographs, Test No. MH-1
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3.2.2 Test No. MH-2 
During test no. MH-2, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 20.8 mph (33.5 km/h). As a result, the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 36.7 in. (932 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 6. The forces quickly rose to a peak force of 11.5 kips 
(51.2 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 7.0 kips (31.1 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
posts was 142.8 kip-in. (16.1 kJ) through 20 in. (508 mm) of deflection, and 165.9 kip-in. (18.7 
kJ) of energy though 36.7 in. (932 mm) of deflection, which corresponds to the end-of-test 
displacement. Time-sequential post-impact photographs are shown in Figure 6. 
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Figure 6. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-2 
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Figure 7. Time-Sequential and Post-Impact Photographs, Test No. MH-2
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3.2.3 Test No. MH-3 
During test no. MH-3, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 21.7 mph (34.9 km/h). As a result, the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 39.5 in. (1,003 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 8. The forces quickly rose to a peak force of 11.6 kips 
(51.6 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 8.3 kips (36.9 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
posts was 166.3 kip-in. (18.8 kJ) through 20 in. (508 mm) of deflection, and 214.3 kip-in. (24.2 
kJ) of energy through 39.5 in. (1,003 mm) of deflection, which corresponds to the end-of-test 
displacement. Time-sequential and post-impact photographs are shown in Figure 9. 
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Figure 8. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-3 
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Figure 9. Time-Sequential and Post-Impact Photographs, Test No. MH-3
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3.2.1 Test No. MH-4 
During test no. MH-4, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 40-
in. (1,016-mm) embedment depth at a speed of 20.5 mph (33.0 km/h). As a result the post rotated 
through the soil. The bogie vehicle overrode the post at a maximum displacement of 39.0 in. 
(991 mm). The post bent backward and yielded approximately 10 in. (254 mm) below the ground 
line. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 10. The forces quickly rose to a peak force of 12.9 kips 
(57.4 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 8.9 kips (39.6 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 178.5 kip-in. (20.2 kJ) through 20 in. (508 mm) of deflection, and 230.7 kip-in. (26.1 
kJ) through 39.0 in. (991 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 11. 
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Figure 10. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-4 
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Figure 11. Time-Sequential and Post-Impact Photographs, Test No. MH-4
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3.2.1 Test No. MH-5 
During test no. MH-5, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 19.9 mph (32.0 km/h). As a result the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 36.8 in. (935 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 12. The forces quickly rose to a peak force of 12.2 kips 
(54.3 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 7.7 kips (34.3 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 153.4 kip-in. (17.3 kJ) through 20 in. (508 mm) of deflection, and 177.8 kip-in. (20.1 
kJ) through 36.8 in. (935 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 13. 
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Figure 12. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-5 
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Figure 13. Time-Sequential and Post-Impact Photographs, Test No. MH-5
December 17, 2012  
MwRSF Report No. TRP-03-271-12 
25 
3.2.1 Test No. MH-6 
During test no. MH-6, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 20.0 mph (32.2 km/h). As a result the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 31.0 in. (787 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 14. The forces quickly rose to a peak force of 13.8 kips 
(61.4 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 7.9 kips (35.1 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 157.6 kip-in. (17.8 kJ) through 20 in. (508 mm) of deflection, and 176.6 kip-in. (20.0 
kJ) through 31.0 in. (787 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 15. 
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Figure 14. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-6 
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Figure 15. Time-Sequential and Post-Impact Photographs, Test No. MH-6
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3.2.1 Test No. MH-7 
During test no. MH-7, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 20.0 mph (32.2 km/h). As a result the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 33.3 in. (846 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 16. The forces quickly rose to a peak force of 10.9 kips 
(48.5 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 6.4 kips (28.5 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 127.7 kip-in. (14.4 kJ) through 20 in. (508 mm) of deflection, and 146.7 kip-in. (16.6 
kJ) through 33.3 in. (846 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 17. 
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Figure 16. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-7 
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Figure 17. Time-Sequential and Post-Impact Photographs, Test No. MH-7
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3.2.1 Test No. MH-8 
During test no. MH-8, the bogie impacted the W6x8.5 (W152x12.6) steel post with a 36-
in. (914-mm) embedment depth at a speed of 20.9 mph (33.6 km/h). As a result the post rotated 
through the soil. No deformation of the post occurred. The bogie vehicle overrode the post at a 
maximum displacement of 33.8 in. (859 mm) as determined from the accelerometer data. 
Force vs. deflection and energy vs. deflection curves created from the DTS SLICE 
accelerometer data are shown in Figure 18. The forces quickly rose to a peak force of 12.2 kips 
(54.3 kN) over the first few inches of deflection. The post provided an average resistance force 
of around 7.6 kips (33.8 kN) through 20 in. (508 mm) of deflection. The energy absorbed by the 
post was 151.3 kip-in. (17.1 kJ) through 20 in. (508 mm) of deflection, and 178.0 kip-in. (20.1 
kJ) through 33.3 in. (859 mm) of deflection, which corresponds to the end-of-test displacement. 
Time-sequential and post-impact photographs are shown in Figure 19. 
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Figure 18. Force vs. Deflection and Energy vs. Deflection (DTS SLICE), Test No. MH-8 
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Figure 19. Time-Sequential and Post-Impact Photographs, Test No. MH-8
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3.3 Summary of Dynamic Testing 
Eight tests were conducted on W6x8.5 (W152x12.6) steel posts at two different 
embedment depths and two different impact heights in order to establish the force vs. deflection 
and energy vs. displacement characteristics. The results from the bogie testing matrix are 
summarized in Table 2. The force vs. deflection comparison curves are shown in Figures 20 
through 23, and the energy vs. displacement curves are shown in Figures 24 through 27. 
Test nos. MH-1 and MH-4 were conducted on the W6x8.5 (W152x12.6) steel posts with 
a 40-in. (1,016-mm) embedment depth to give a baseline average resistance force and energy for 
an MGS post. These two tests, collectively referred to as “Group A,” provided very similar force 
vs. displacement characteristics, as shown in Figure 21. The average post-soil resistances from 
Group A tests were 9.5 kips (42.3 kN) and 8.9 kips (39.4 kN) through 15 in. (381 mm) and 20 in. 
(508 mm) of deflection, respectively. The total energy absorbed by the post was 143.7 kip-in. 
(16.2 kJ) and 179.0 kip-in. (20.2 kJ) through 15 in. (381 mm) and 20 in. (508 mm) of deflection, 
respectively. The total energy absorbed was 230.65 kip-in. (26.1 kJ) through the max deflection 
of 37.7 in. (596 mm).  
Test nos. MH-2, MH-3, MH-5, and MH-6, collectively referred to as “Group B,” were 
conducted on posts with a reduced embedment depth of 36 in. (914 mm) while maintaining an 
impact height of 24⅞ in. (733 mm). The Group B tests resulted in average forces of 8.5 kips 
(37.8 kN) and 7.7 kips (34.3 kN) through displacements of 15 in. (381 mm) and 20 in. (508 mm), 
respectively. This corresponds to 10.5 percent and 13.5 percent reductions in resistance over the 
same displacements when compared to the baseline tests of Group A. The total energy absorbed 
by the post was 127.2 kip-in. (14.4 kJ) and 155.0 kip-in. (17.5 kJ) through 15 in. (381 mm) and 
20 in. (508 mm) of deflection, respectively. The total energy absorbed by the post was 183.7 kip-
in (20.8 kJ) through the max deflection of 36.0 in. (914 mm).  
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Test nos. MH-7 and MH-8, collectively referred to as “Group C,” utilized the reduced 
embedment depth of 36 in. (914 mm) in combination with an increased impact height of 28⅞ in. 
(733 mm). Group C tests resulted in average forces of 7.8 kips (34.7 kN) and 7.0 kips (31.1 kN) 
through displacements of 15 in. (381 mm) and 20 in. (508 mm), respectively. The total energy 
absorbed by the post was 116.0 kip-in. (13.1 kJ) and 139.5 kip-in. (15.8 kJ) through 15 in. (381 
mm) and 20 in. (508 mm) of deflection, respectively. The total energy absorbed by the post was 
162.4 kip-in. (18.3 kJ) through the max deflection of 33.6 in. (853 mm). These values correlate 
to 17.9 percent and 21.3 percent reductions in forces when compared to the Group A results. 
Thus, the Group C tests had even lower resistance and energy absorption than the Group B tests. 
Reductions in forces and energy absorption were expected for both Group B and Group C 
tests as both reduced post embedment depths and increased impact heights have been shown to 
result in lower resistance. In a 2012 report, Jowza [6] provided the following equation for 
calculating the change in average resistance force due to changes in the impact height and the 
post embedment depth: 
ܨଶ ൌ ܨଵ ቀெ஺భெ஺మቁ ቀ
ா௠௕మ
ா௠௕భቁ
ଶ
     (Eq-1) 
Where: 
F = the average resistance force 
MA = length of the moment arm in the post (defined as the distance from the impact 
point to the point of rotation in the post) 
Emb = post embedment depth 
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Table 2. Dynamic Testing Results 
Test 
No. 
Impact 
Speed 
mph 
(km/h) 
Peak Force 
kips (kN) 
Average Force                   
kips (kN) 
Max 
Deflection  
in. (mm) 
Energy                    
kip-in. (kJ) Failure Type 
at 10" at 15" at 20" at 15" at 20" Total 
Group A: 40 in. (1,016 mm) Embedment, 24⅞ in. (632 mm) load height 
MH-1 20.8 (33.5) 14.0 (62.3) 9.8 (43.6) 9.5 (42.3) 8.8 (39.1) 36.3 (922) 
143.9 
(16.3) 
179.4 
(20.3) 
230.6 
(26.1) 
Rotation in Soil 
and Yielding 
MH-4 20.5 (33.0) 12.9 (57.4) 9.6 (42.7) 9.5 (42.3) 8.9 (39.6) 39.0 (991) 
143.4 
(16.2) 
178.5 
(20.2) 
230.7 
(26.1) 
Rotation in Soil 
and Yielding 
Averages 13.5 (59.8) 9.7 (43.1) 9.5 (42.3) 8.9 (39.4) 37.7 (956) 143.7 (16.2) 
179.0 
(20.2) 
230.7 
(26.1)  
Group B: 36 in. (914 mm) Embedment, 24⅞ in. (632 mm) load height 
MH-2 20.8 (33.5) 11.5 (51.2) 8.3 (36.9) 7.9 (35.1) 7.0 (31.1) 36.7 (932) 
118.8 
(13.4) 
142.8 
(16.1) 
165.9 
(18.7) Rotation in Soil 
MH-3 21.7 (33.5) 11.6 (51.6) 8.5 (37.8) 8.6 (38.3) 8.3 (36.9) 39.5 (1,003) 
129.1 
(14.6) 
166.3 
(18.8) 
214.3 
(24.2) Rotation in Soil 
MH-5 19.9 (32.0) 12.2 (54.3) 9.2 (40.9) 8.5 (37.8) 7.7 (34.3) 36.8 (935) 
128.3 
(14.5) 
153.4 
(17.3) 
177.8 
(20.1) Rotation in Soil 
MH-6 20.0 (32.2) 13.8 (61.4) 9.5 (42.3) 8.8 (39.1) 7.9 (35.1) 31.0 (787) 
132.6 
(15.0) 
157.6 
(17.8) 
176.6 
(20.0) Rotation in Soil 
Averages 12.3 (54.7) 8.9 (39.6) 8.5 (37.8) 7.7 (34.3) 36.0 (914) 127.2 (14.4) 
155.0 
(17.5) 
183.7 
(20.8)  
Group C: 36 in. (914 mm) Embedment, 28⅞ in. (733 mm) load height 
MH-7 20.0 (32.2) 10.9 (48.5) 7.7 (34.3) 7.2 (32.0) 6.4 (28.5) 33.3 (846) 
107.6 
(12.2) 
127.7 
(14.4) 
146.7 
(16.6) Rotation in Soil 
MH-8 20.8 (33.5) 12.2 (54.3) 8.7 (38.7) 8.3 (36.9) 7.6 (33.8) 33.8 (859) 
124.4 
(14.1) 
151.3 
(17.1) 
178.0 
(20.1) Rotation in Soil 
Averages 11.6 (51.4) 8.2 (36.5) 7.8 (34.7) 7.0 (31.1) 33.6 (853) 116.0 (13.1) 
139.5 
(15.8) 
162.4 
(18.3)  
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Figure 20. Force vs. Deflection Comparison, Test Nos. MH-1 through MH-8 
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Figure 21. Force vs. Deflection Plots, 40 in. Embedment and 24⅞ in. Load Height 
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Figure 22. Force vs. Deflection Plots, 36 in. Embedment and 24⅞ in. Load Height 
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Figure 23. Force vs. Deflection Comparison, Test Nos. MH-1 through MH-8 
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Figure 24. Energy vs. Displacement Plots, 36 in. Embedment and 28⅞ in. Load Height 
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Figure 25. Energy vs. Displacement Plots, 40 in. Embedment and 24⅞ in. Load Height 
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Figure 26. Energy vs. Displacement Plots, 36 in. Embedment and 24⅞ in. Load Height 
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Figure 27. Energy vs. Displacement Plots, 36 in. Embedment and 28⅞ in. Load Height 
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Equation-1 was utilized to predict the average resistance force under three different cases: 
(1) using Group A data to predict Group B results; (2) using Group B results to predict Group C 
results; and (3) using Group A results to predict Group C results. These predicted average 
resistance forces were then compared to the actual bogie test results to gauge the accuracy of the 
equation. The results of these calculations are shown in Table 3. 
Although the values for embedment depth are straightforward, the value for the moment 
arm distance is dependent upon the location of the rotation point. Depending on the study, 
assumptions have been made placing the rotation point as high as ground line and as low as 2/3 of 
the embedment depth [6-7]. Therefore, the predicted average forces were calculated utilizing 
both of these extremes to bracket the analysis results. Overall, assuming a rotation point at 2/3 of 
the embedment depth provided more accurate results as the predicted average forces were always 
within 5 percent of the actual test results. 
Table 3. Comparison of Predicted Results to Actual Test Results 
Group 
Calculation 
Case 
Tested Average Forces Moment Arm =  Ground Line to Impact Pt. 
Moment Arm =  
2/3 Emb. to Impact Pt. 
F1 
(kips) 
F2 
(kips) 
Estimated 
F2 
(kips) 
Predicted to 
Tested Ratio 
(Est. F2 / F2) 
Estimated 
F2 
(kips) 
Predicted to 
Tested Ratio 
(Est. F2 / F2) 
Forces Calculated at 15 in. of deflection 
A - B 9.5 8.5 7.70 0.91 8.11 0.95 
B - C 8.5 7.8 7.32 0.94 7.86 1.01 
A - C 9.5 7.8 6.63 0.85 7.50 0.96 
Forces Calculated at 20 in. of deflection 
A - B 8.9 7.7 7.21 0.94 7.60 0.99 
B - C 7.7 7.0 6.63 0.95 7.12 1.02 
A - C 8.9 7.0 6.21 0.89 7.03 1.00 
A = 40 in. (1,016 mm) embedment and 24⅞ in. (632 mm) load height 
B = 36 in. (914 mm) embedment and 24⅞ in. (632 mm) load height 
C = 36 in. (914 mm) embedment and 28⅞ in. (733 mm) load height 
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In general, the predicted force values were relatively accurate but tended to be lower than 
the actual test results. This can be explained by the fact that the Group A posts had plastically 
deformed during the tests. Thus, some of the impact energy was absorbed by the post yielding. 
Equation-1 predicts the average post-soil resistance assumes only soil deformation. Therefore, 
using Group A results to predict the resistance for other posts would result in underestimating the 
true resistances. However, this underestimation proved to be minor as the analysis still provided 
predicted average forces within 15 percent of the actual test data for all cases. 
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4 SUMMARY AND CONCLUSIONS 
The objective of this research study was to determine the force vs. deflection 
characteristics for MGS steel posts with reduced embedment depths and increased load heights. 
Eight dynamic component tests were conducted on 72-in. (1,829-mm) long W6x8.5 
(W152x12.6) posts. Group A consisted of two tests (test nos. MH-1 and MH-4) and were 
conducted with an embedment depth of 40 in. (1,016 mm) with an impact height of 24⅞ in. (632 
mm). These conditions matched those of standard MGS installations and provided the baseline 
for which to compare the other results. Group B consisted of four tests (test nos. MH-2, MH-3, 
MH-5, and MH-6) and were conducted on posts with an embedment depth of 36 in. (914 mm) 
with an impact height of 24⅞ in. (632 mm). Group C consisted of two tests (test nos. MH-7 and 
MH-8) and were conducted on posts with an embedment depth of 36 in. (914 mm) with an 
impact height of 28⅞ in. (733 mm). All eight tests were conducted with a target impact speed of 
20 mph (32.2 km/h). 
The two W6x8.5 (W152x12.6) posts with a 40-in. (1,016-mm) embedment depth yielded 
during testing. Both posts were from the Group A tests and developed plastic hinges 
approximately 10 in. (254 mm) below ground line. None of the posts with the 36-in. (914-mm) 
embedment depths yielded. Even the Group C posts with the increased load height remained 
undamaged. 
As expected, the Group B posts with a reduced embedment depth resulted in lower post-
soil interaction forces. In fact, the average resistance force was decreased approximately 12 
percent as compared to the average forces recorded during the baseline, or Group A tests. The 
resistance was further reduced during the Group C tests when the load height was increased. The 
Group C tests showed average resistance forces approximately 20 percent lower than those of 
Group A. 
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The test results were also analyzed using Equation-1 which is used to predict the average 
resistance force of a post rotating through soil due to a change in embedment depth or load 
height. This analysis concluded that Equation-1 can be used to predict average resistance forces 
with considerable accuracy. The predicted average forces were all within 15 percent of the actual 
test results. However, the accuracy of Equation-1 was directly related to the location of the 
assumed post rotation point. The accuracy was increased to within 5 percent when the rotation 
point of the post was assumed to be 2/3 of the embedment depth as opposed to near ground line. 
Thus, the true rotation point for MGS posts installed on flat ground is most likely within the 
bottom half of the embedment depth.  
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Appendix A. Material Certifications 
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Figure A-1. Post Material Certification, Test Nos. MH-1 through MH-8 
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Appendix B. Soil Batch Sieve Analysis 
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Figure B-1. Soil Gradation for Test Nos. MH-1 through MH-8
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Appendix C. Bogie Test Results 
The results of the recorded data from each accelerometer for every dynamic bogie test are 
provided in the summary sheets found in this appendix. Summary sheets include acceleration, 
velocity, and deflection vs. time plots as well as force vs. deflection and energy vs. deflection 
plots. 
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Figure C-1. Test No. MH-1 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-1 Max. Deflection: 36.3  in.
Test Date: 8-May-2012 Peak Force: 14.0  k
Failure Type: Post Rotation and Yielding Initial Linear Stiffness: 6.8  k/in.
Total Energy: 230.6  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 2.3% @ 15", 3.3% @ 30"
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 20.8 mph  (30.5 fps) 9.3 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: DTS - SLICE
Camera Data: AOS-7 Perpendicular - 178"
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Figure C-2. Test No. MH-1 Results (EDR-3) 
Test Results Summary
Test Number: MH-1 Max. Deflection: 35.6  in.
Test Date: 8-May-2012 Peak Force: 14.6  k
Failure Type: Post Rotation and Yielding Initial Linear Stiffness: 5.0  k/in.
Total Energy: 235.4  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 2.3% @ 15", 3.3% @ 30"
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 20.8 mph  (30.5 fps) 9.3 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: EDR-3
Camera Data: AOS-7 Perpendicular - 178"
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Figure C-3. Test No. MH-2 Results (DTS SLICE)  
Test Results Summary
Test Number: MH-2 Max. Deflection: 36.7  in.
Test Date: 8-May-2012 Peak Force: 11.5  k
Failure Type: Post Rotation Initial Linear Stiffness: 7.1  k/in.
Total Energy: 165.9  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 2.9% @ 15", 3.1% @ 30"
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 20.83 mph  (30.5 fps) 9.31 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: DTS - SLICE
Camera Data: AOS-7 Perpendicular - 178"
Bogie Properties
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Bogie Test Summary
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Figure C-4. Test No. MH-2 Results (EDR-3) 
Test Results Summary
Test Number: MH-2 Max. Deflection: 36.2  in.
Test Date: 8-May-2012 Peak Force: 12.1  k
Failure Type: Post Rotation Initial Linear Stiffness: 3.8  k/in.
Total Energy: 173.7  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 2.9% @ 15", 3.1% @ 30"
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 20.83 mph  (30.5 fps) 9.31 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: EDR-3
Camera Data: AOS-7 Perpendicular - 178"
Bogie Test Summary
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Figure C-5. Test No. MH-3 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-3 Max. Deflection: 39.5  in.
Test Date: 9-May-2012 Peak Force: 11.6  k
Failure Type: Post Rotation Though Soil Initial Linear Stiffness: 7.3  k/in.
Total Energy: 214.3  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 0
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 21.65 mph  (31.8 fps) 9.68 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: DTS - SLICE
Camera Data: AOS-7 Perpendicular - 198"
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Figure C-6. Test No. MH-3 Results (EDR-3) 
Test Results Summary
Test Number: MH-3 Max. Deflection: 39.3  in.
Test Date: 9-May-2012 Peak Force: 11.1  k
Failure Type: Post Rotation Through Soil Initial Linear Stiffness: 3.5  k/in.
Total Energy: 214.8  k-in.
Post Type: Steel
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong Axis
Gradation: 1192012
Moisture Content: 0
Compaction Method: H.E. - 8
Soil Density, γd: NA
Impact Velocity: 21.65 mph  (31.8 fps) 9.68 m/s
Impact Height: 24.875 in. 63.2 cm
Bogie Mass: 1745 lbs 791.5 kg
Acceleration Data: EDR-3
Camera Data: AOS-7 Perpendicular - 198"
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Figure C-7. Test No. MH-4 Results (DTS SLICE)  
Test Results Summary
Test Number: MH-4 Max. Deflection: 39.0  in.
Test Date: 23-Jul-2012 Peak Force: 12.9  k
Failure Type: Post rotation in soil and yielding Initial Linear Stiffness: 6.7  k/in.
Total Energy: 230.7  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 5.31/2.934
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 20.45 mph  (30 fps) 9.14 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: SLICE
Camera Data: AOS-5 Perpendicular 
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Figure C-8. Test No. MH-4 Results (EDR-3) 
Test Results Summary
Test Number: MH-4 Max. Deflection: 37.7  in.
Test Date: 23-Jul-2012 Peak Force: 14.3  k
Failure Type: Post rotation in soil and yielding Initial Linear Stiffness: 5.2  k/in.
Total Energy: 227.6  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 40 in. 101.6 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 5.31/2.934
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 20.45 mph  (30 fps) 9.14 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular 
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Figure C-9. Test No. MH-5 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-5 Max. Deflection: 36.8  in.
Test Date: 23-Jul-2012 Peak Force: 12.2  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 7.3  k/in.
Total Energy: 177.8  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.647/2.808
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.93 mph  (29.2 fps) 8.91 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: SLICE
Camera Data: AOS-5 Perpendicular 
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Figure C-10. Test No. MH-5 Results (EDR-3) 
Test Results Summary
Test Number: MH-5 Max. Deflection: 35.9  in.
Test Date: 23-Jul-2012 Peak Force: 12.1  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 7.5  k/in.
Total Energy: 172.4  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.647/2.808
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.93 mph  (29.2 fps) 8.91 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular 
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Figure C-11. Test No. MH-6 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-6 Max. Deflection: 31.0  in.
Test Date: 24-Jul-2012 Peak Force: 13.8  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 8.6  k/in.
Total Energy: 176.6  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 3.012/3.172
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.95 mph  (29.3 fps) 8.92 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: SLICE
Camera Data: AOS-5 Perpendicular 
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Figure C-12. Test No. MH-6 Results (EDR-3) 
Test Results Summary
Test Number: MH-6 Max. Deflection: 30.6  in.
Test Date: 24-Jul-2012 Peak Force: 14.0  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 7.9  k/in.
Total Energy: 166.8  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 3.012/3.172
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.95 mph  (29.3 fps) 8.92 m/s
Impact Height: 25 in. 63.5 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular 
Bogie Test Summary
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Figure C-13. Test No. MH-7 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-7 Max. Deflection: 33.3  in.
Test Date: 24-Jul-2012 Peak Force: 10.9  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 5.0  k/in.
Total Energy: 146.7  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.219/2.457
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.98 mph  (29.3 fps) 8.93 m/s
Impact Height: 28.875 in. 73.3 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: SLICE
Camera Data: AOS-5 Perpendicular 
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Figure C-14. Test No. MH-7 Results (EDR-3) 
Test Results Summary
Test Number: MH-7 Max. Deflection: 35.6  in.
Test Date: 24-Jul-2012 Peak Force: 11.4  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 5.0  k/in.
Total Energy: 154.9  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.219/2.457
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 19.98 mph  (29.3 fps) 8.93 m/s
Impact Height: 28.875 in. 73.3 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular 
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Figure C-15. Test No. MH-8 Results (DTS SLICE) 
Test Results Summary
Test Number: MH-8 Max. Deflection: 33.8  in.
Test Date: 25-Jul-2012 Peak Force: 12.2  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 5.2  k/in.
Total Energy: 178.0  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.896/3.437 15"/30" respectively
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 20.87 mph  (30.6 fps) 9.33 m/s
Impact Height: 28.875 in. 73.3 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: SLICE
Camera Data: AOS-5 Perpendicular 
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Figure C-16. Test No. MH-8 Results (EDR-3) 
 
Test Results Summary
Test Number: MH-8 Max. Deflection: 32.9  in.
Test Date: 25-Jul-2012 Peak Force: 12.5  k
Failure Type: Post rotation in soil and slight yielding Initial Linear Stiffness: 4.4  k/in.
Total Energy: 174.3  k-in.
Post Type: MGS Steel Post
Post Size: W6x8.5 W152x12.6
Post Length: 72 in. 182.9 cm
Embedment Depth: 36 in. 91.4 cm
Orientation: Strong
Gradation: 1192012
Moisture Content: 2.896/3.437 15"/30" respectively
Compaction Method: HE8
Soil Density, γd: NA
Impact Velocity: 20.87 mph  (30.6 fps) 9.33 m/s
Impact Height: 28.875 in. 73.3 cm
Bogie Mass: 1874.8 lbs 850.4 kg
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular 
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